Introduction
The plant hormone ethylene is sensed by receptors (Klee and Tieman, 2002) . The expression of ethylene-induced genes is induced through the transduction of the ethylene signal from receptors to the corresponding transcription factors (Giovannoni, 2004) . Ethylene signaling is a multistep pathway in which ethylene receptors function at the first step and play a crucial role in the regulation of ethylene responses (Giovannoni, 2004) .
Ethylene receptors have been isolated from different plant species such as melon (Sato-Nara et al., 1999; Takahashi et al., 2002) , tomato (Tieman and Klee, 1999) , peach (Bassett et al., 2002) , and pear (El-Sharkawy et al., 2003) . The receptor proteins share a similar structural organization consisting of an N-terminal hydrophobic domain that contains three or four transmembrane segments and the ethylene binding sites, a GAF domain, and a histidine kinase domain. Moreover, the ETR-type receptors also have a receiver domain at the C-terminus involved in transmitting the ethylene signal.
Melon is a fruit showing climacteric ripening behavior. In climacteric fruit species, ethylene is effective in many physiological events during postharvest ripening. It directly affects factors influencing the shelf life of a fruit including softening, wooliness, watersoaking, and related deteriorations (Karakurt and Huber, 2002; Karakurt and Huber, 2004; Mao et al., 2004; Lima et al., 2005) . Ethylene influences fruit ripening through involvement in chlorophyll degradation, increasing respiration rate, carotenoid synthesis, autocatalytic ethylene production, and the expression of genes that leads to the enhancement in the activities of enzymes responsible for starch to sugar conversion and cell wall degradation (Theologis, 1993; Wilkinson et al., 1997) . This has been demonstrated through the use of ethylene antagonists and the inhibitors of ethylene synthesis, which have significantly enhanced the shelf life of fruit (Ergun et al., 2005) . Thus, the manipulation of receptor genes could be a good alternative to control ethylene synthesis and response, delay ripening, and prevent ethylene related physiological disorders in fruits.
This study was performed to isolate and characterize ethylene receptor genes from melon fruit and determine their expression during postharvest ripening.
Materials and methods

Plant material and RNA isolation
The melons (Cucumis melo L. cv ananas) used in the study were purchased from a local grower (Isparta, Turkey). Fruits were harvested at the commercial ripening stage (Ergun et al., 2005) and immediately transported to the laboratory at the College of Agriculture, Süleyman Demirel University, Isparta, Turkey. The fruits were washed, surface sterilized with 200 µL/L sodium hypochlorite solution, and stored at 20 °C for 10 days. Samples of fruit were taken from storage after 0, 1, 2, 4, 6, 8, and 10 days, frozen in liquid nitrogen, and used for Northern blot analysis . Fifteen melons were treated with 50 µL/L ethylene at 20 °C for 12 h to induce the synthesis of ethylene receptor genes. Samples were then taken from the placental tissue and used for RNA extraction. Total RNA was isolated as previously described (Strommer et al., 1993) with modifications . The concentration and quality of RNA were determined with a spectrophotometer (PG instruments) and agarose gel electrophoresis .
cDNA synthesis
The total RNA was treated with DNase in order to eliminate any residual DNA contamination using a commercial kit (Ambion). Then the DNase-treated RNA samples were converted to cDNA with an ' Advantage RT-PCR' kit (Clontech).
Isolation of receptor gene fragments
Degenerate primers (24-27 bp) were designed with the primer BLAST program using ethylene receptor gene sequences of Arabidopsis thaliana, Cucumis melo, Solanum esculentum, and Citrullus vulgaris (Accession numbers: AF1379, AF16250, U21952, U38666, U63291, L24119, U41103) and were synthesized (Metis Biyoteknoloji, Ankara, Turkey). Primers used in PCR reactions to isolate ethylene receptor genes were given in the supplemental file (Supplemental 1; on the journal's website).
PCR amplifications were performed with the degenerate primers and melon cDNA (El-Sharkawy et al., 2003) . PCR samples consisted of 5 µL of cDNA, 2 µL of degenerate primers, 5 µL of 10X PCR buffer, 1 µL of dNTPmix (10 µM), 1 µL of Taq polymerase, and 34 µL of distilled water. PCR conditions were: denaturation at 95 °C for 1 min 30 s, annealing at 58 °C for 2 min, and extension at 72 °C for 1 min for 5 cycles; denaturation at 95 °C for 30 s, annealing at 58 °C for 1 min, and extension at 72 °C for 30 s for 15 cycles; denaturation at 95 °C for 30 s, annealing at 58 °C for 1 min, and extension at 72 °C for 2 min for 20 cycles; and then final extension at 72 °C for 7 min.
PCR amplification products were run on 1.2% agarose gel and two amplification products with molecular sizes of 1250 and 950 bp were obtained. These cDNA fragments were cut from the gel with a sterile razor blade and extracted from the gel using a NucleoTrap gel extraction kit (Clontech). The cDNAs were then cloned with a pGEMTEasy cloning system (Promega). The recombinant colonies were grown overnight at 37 °C and their plasmids were isolated with a Wizard Plus SV Minipreps DNA Purification System (Promega) and sequenced (İontek, İstanbul, Turkey). The sequences were compared to those deposited in the NCBI GenBank with the BLAST program, and were confirmed to be ethylene receptor sequences (Altschul et al., 1997) . Gene-specific primers were designed from these sequences and synthesized (Metis Biyoteknoloji). These primers were used in RACE analysis in order to obtain the full length sequences of the genes. RACE analysis was conducted using a SMART RACE cDNA amplification kit following the manufacturer's instructions (Clontech). Finally, complete full-length cDNAs were obtained using gene-specific primers prepared from both ends of the corresponding cDNA sequences determined above.
Multiple sequence alignment was performed using the Clustal W program and the phylogenetic tree was constructed using the neighbor-joining (NJ) method. The programs ExPasy (http://www.expasy.org/tools), PSORT (http://psort.hgc.jp/form.html), and SignalP (http://www. cbs.dtu.dk/services/SignalP) were used for the prediction of isoelectric point (pI), molecular weight, and signal peptides of the deduced proteins. The Conserved Domain Search (www.ncbi.nlm.nih.gov) program was used to determine the conserved motifs.
The expression analysis of receptor genes
Twenty micrograms of total RNA extracted as described above was used in Northern blot analysis to determine the expression of receptor genes during ripening at 20 °C . The receptor gene probes were labeled with DIG using a DIG High Prime labeling kit following the manufacturer's instructions (Roche). The results were analyzed with a gel imaging system (Kodak) and converted to numerical values. The expression levels of each transcript in the control fruit (day 0) were set to an arbitrary value of 1.0, to which all other time points were normalized to obtain an induction value (fold induction) . Quantitative gene expression data were analyzed according to a completely randomized design with three replications using the GLM program of the Statistical Analysis System (SAS, 1997).
Results
PCR of melon cDNA with degenerate primers resulted in the amplification of two cDNA fragments 1250 and 950 bp in size. The amplified fragments were cloned into pGEM-T easy cloning vectors and sequenced. The nucleotide and amino acid sequences of the two cDNA fragments demonstrated significant homologies to those of ethylene receptor sequences isolated from other species. Primers were designed from these fragments and used in RACE analysis to obtain their full length sequences. The fragments amplified with 3' and 5' RACE analysis were cloned and sequenced. After their confirmation to be receptor sequences by sequence comparisons with BLAST, primers were designed from both ends of the sequences and used in a PCR to amplify the full length gene sequences. Then the full length sequences of these two genes were again cloned and sequenced. After the sequence analysis of the genes, they were designated Cm-ETR1 and Cm-ETR2. The full length nucleotide sequences of these genes were submitted to the NCBI GenBank and given the accession numbers KJ150694 and KJ150695.
The sequence analysis showed that Cm-ETR1 and Cm-ETR2 consisted of 2320 and 2537 bp, respectively ( (Table 3) .
Multiple alignments of full-length predicted Cm-ETR proteins with other reported ETR sequences confirmed the presence of conserved motifs and structural similarities that are commonly associated with ethylene Figure 1 ). Moreover, the gene had in its histidine kinase domain an ATP binding site, a Mg binding site, and a phosphorylation site; and in its signal receiving domain phosphorylation, dimerization, and intermolecular recognition sites. Transmembrane domain analysis of the gene showed that it contained three transmembrane helices ( Figure 1 ). Additionally, the amino end of the protein had highly conserved amino acid sequences. The protein encoded by the Cm-ETR2 gene had a GAF domain, a histidine kinase domain, and a receiver domain. While the histidine kinase domain possessed a phosphorylation site, the receiver domain had phosphorylation, dimerization, and intermolecular recognition sites ( Figure 1 ). Moreover, there were six transmembrane helices in CL-ETR2 ( Figure  1 ). It is noted that Mg and ATP binding sites and the HTPase-C-like domain found in ETR1-like genes were not available in the CL-ETR2 gene. Therefore, the isolated genes structurally resemble their Arabidopsis homologs. Moreover, cluster analysis demonstrated that Cucumis melo Cm-ETR1 and Cucumis sativus ETR1 proteins showed more similarity to each other and were in the same group, while Cucumis melo ETR2 protein showed high homology to Cucumis sativus ETR2 proteins (Figure 2 ). PSORT and SignalP analyses showed that Cm-ETR1 did not contain a signal peptide and were localized in plasma membrane, but Cm-ETR2 contained a signal sequence in its amino terminus and were localized with its carboxyl end outside and amino end inside the cytosol. Cm-ETR1 predicted hydrophobic protein had a molecular weight of approximately 83 kDa and a pI of 7.64, and contained 80 negatively and 81 positively charged amino acids. On the other hand, Cm-ETR2 predicted hydrophobic protein had a molecular weight of approximately 85 kDa and a pI of 7.86, and possessed 79 negatively and 81 positively charged amino acids.
The expression of receptor genes
To determine the expression levels of receptor genes during postharvest storage, melons were stored at 20 °C for 10 days, and fruit samples were taken at different stages of the storage and used for Northern blot analysis. The results showed a significant variation among various storage periods in the accumulation of transcripts ( Figure  3 ; Supplemental 4; on the journal's website). The mRNA levels of both receptor genes started to increase from the Figure 2 . Phylogenetic tree of ETR1-like and ETR2-like ethylene receptors isolated from different plant species. The amino acid sequences were compared using the CLUSTAL Omega multiple alignment program, and the phylogenetic tree was generated using the neighbor-joining (NJ) method. The lengths of the branches are indicated on the right. Accession numbers in GenBank sequence databases are as follows: AtETR1 (NM_105305) and AtETR2 (NM_113216) in Arabidopsis thaliana; Ls-ETR1 (AF350321) and Ls-ETR2 (AF350322) in Lactuca sativa; CsETR1 (NM_001280633) and CsETR2 (AB026500) in Cucumis sativus; CMeETR1 (AF054806), CmETR1 (KJ150694), CMeETR2a (AB294513), and CmETR2 (KJ150695) in Cucumis melo; LeETR2 (AY600436) and SeETR1 (AF043084) in Lycopersicon esculentum; CsETR1 (GQ339592) and CsETR2 (GQ339593) in Citrus sinensis; MdETR1 (AF032448) and MdETR2 (DQ847145) in Malus domestica; and PpETR1 (AF124527) in Prunus persica. early hours of storage and these increases continued up to the second day of storage in Cm-ETR1 and up to day four of storage in Cm-ETR2. In general, the increase in Cm-ETR1 transcripts was much higher than that of Cm-ETR2. For example, on the second day of storage, the transcript level of Cm-ETR1 increased 3.4-fold as compared to the control (day 0). However, the increase in the mRNA level of Cm-ETR2 was 2.9-fold and on the fourth day of storage 3.2-fold. The mRNA levels of Cm-ETR1 and Cm-ETR2 started to decrease on the second and fourth days of storage, respectively.
Discussion
Ethylene, a phytohormone, coordinates the plant's physiological responses to physiological events such as senescence, fruit ripening, and abscission, and environmental stresses including water deficit, mechanical wounding, and pathogen infection (Lelievre et al., 1997) . Ethylene is received by proteins called ethylene receptors.
Ethylene receptors form the first step of the ethylene signal response pathway and are the negative regulators of the pathway (Kieber et al., 1993) . This study was conducted to isolate and characterize ethylene receptor genes from melon fruit, and determine their expression during postharvest ripening. At the end of the study, the full length nucleotide sequences of two ethylene receptor genes designated as Cm-ETR1 and Cm-ETR2 were isolated and characterized from melon fruit. The isolated genes showed significant homologies to the ethylene receptor genes previously isolated from various plant species such as watermelon, peach, tomato, and Arabidopsis. The genes showed 70%-99% homology both at the nucleotide and amino acid levels to the receptor genes isolated from Cucumis melo, Cucumis sativus, Pyrus communis, Prunus persica, Prunus salicina, Prunus domestica, Zizyphus jujuba, Lycopersicon esculentum, and Arabidopsis thaliana (Yamasaki et al., 2000; Wang et al., 2006; El-Sharkawy et al., 2007) . The two genes possessed an ethylene binding domain that uses Cu as cofactor and required for high affinity ethylene binding (Rodriguez et al., 1999) a conserved histidine kinase domain and a GAF domain (Wang et al., 2006) . Only Cm-ETR1 had the ethylene response regulator domain. A similar finding was reported from ETR1 genes previously characterized from species such as watermelon, cucumber, pear, peach, and plum (Guo and Ecker, 2004; El-Sharkawy et al., 2007) . Moreover, three membrane binding sites reported for ETR1 genes isolated from other species were determined in the Cm-ETR1 gene of melon. However, unlike ETR2 of Arabidopsis, which had four membrane binding sites, six potential membranebinding sites were observed in melon Cm-ETR2. Cm-ETR1 and Cm-ETR2 genes also had a conserved aspartate amino acid found in the autophosphorylated receiver domain of bacterial two component receptors and a GAF domain. The aspartic amino acid in the receiver domain of the protein functions as the phosphorus binding site to conserved histidine in the ETR1 receiver sequences (Gamble et al., 1998) . The sequence analysis of predicted proteins of the isolated genes (Cm-ETR1 and Cm-ETR2) showed that they possessed all amino acids required for receptor function, suggesting their participation in ethylene response and signal transduction (Rodriguez et al., 1999; Wang et al., 2006) . Moreover, the comparison of the sequences of isolated genes with those of ETR1 and ETR2-like sequences showed that the amino acids at the N-terminus were conserved.
The isolated genes also shared similar expression trends during postharvest storage. The mRNA transcript levels of both genes showed significant increases during ripening in storage, possibly resulting from the increase in ethylene production of melon fruit. Although we did not measure the ethylene production of melon fruit during storage, increases in ethylene production during ripening have been reported for different melon cultivars (Ergun et al., 2005; Pech et al., 2008; Li et al., 2011) . Moreover, it has been reported that there was a correlation between the increase in ethylene production and the increase in the transcript levels of ETR1 and ETR2 genes in cucumber and melon (Sato-Nara et al., 1999; Yamasaki et al., 2000; Cin et al., 2006) . The increase in mRNA levels of ethylene receptors in ripening melon fruit is a natural response against increased ethylene biosynthesis to maintain the homeostatic balance and a mechanism to regulate ethylene responses (Klee et al., 2003) . The expressions of ethylene receptors associate with the function and thus the capacity of the plant tissue to respond to ethylene. The fruit of the cucurbitaceae family such as melon and watermelon also develop watersoaking, a physiological disorder upon ethylene exposure (Karakurt and Huber, 2002; Ergun et al., 2005) . The application of ethylene to melon fruit cv ananas resulted in the development of the watersoaking disorder after 9 days of storage. The ethylene treated fruit also showed 5-and 6-fold increases in mRNA transcript levels of Cm-ETR1 and Cm-ETR2, respectively, after 24 h of storage (data not shown), suggesting that ethylene receptors contribute significantly to the development of the disorder. Although the functions of Cm-ETR1 and Cm-ETR2 genes have not been determined, their homology to the ethylene receptor genes from other species suggests that they serve similar functions. Further studies are required in order to fully determine the roles of isolated genes in fruit ripening and the development of physiological disorders. Supplemental 2. Multiple amino acid sequence alignment of Cm-ETR1 and other receptor proteins.
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